In an effort to determine the objective parameters of "asthenopia" or "eye strain" in video display terminal (VDT) workers, a modified photostress-test which was a combination of the regular photostress test and the test of contrast sensivity with the Pelli-Robson chart was performed. This measurement was based on two conditions at the same time while working with computers. The first condition was a short working distance which relates to "transient myopia" and induced contrast sensitivity disturbance, and the second was light exposure from a VDT which was analogous to a photostress test. The parameter used was "recovery time". The population for this study were VDT workers which had asthenopic complaints and were divided into two groups, the study group (high exposed VDT) and the control group (low exposed VDT), with 42 subjects in each group. The study findings showed a decrease in recovery time during one hour of work in both groups-operators and nonoperators. This value might be increased again after two hours of work, but when work time was within 1-2 h if did not result in asthenopia. The deviated recovery time of 19.78% indication a greater risk of asthenopia (p<0.05). Sex, job functions as operators, age, the Hb level and environmental factors as a whole tended to affect the incidence of asthenopia. (J Occup Health 1999; 41: 209-214) 
The major complaint as claimed by the users of Visual Display Terminals (VDT) is eye strain or asthenopia [1] [2] [3] . Asthenopia is defined as "any subjective visual symptoms or distress resulting from the use of one's eye" which until now did not have an objective parameter 1) . In this study, an effort has been made to find an objective parameter for measuring asthenopia by modifying the photostress test i.e. a combination of the regular photostress test and the test of contrast sensitivity by using the Pelli-Robson chart. The parameter used is "recovery time".
With this modified photostress test, the operator's recovery time when suffering from asthenopic is due to: first, according to the asthenopia mechanism when using a VDT, two important things have to be considered i.e. a relatively short distance between the eyes and the monitor can cause "transient myopia"; exposure to the light of the VDT is revealed in contrast sensitivity disturbance 4) . Light exposure to the VDT is analogous to photostress test, the difference is only in the duration and intensity of light exposure. Etiologically asthenopia is influenced by intrinsic ocular factors and extrinsic factors due to illumination and the type of objects 5) . Second, by combining the photostress test and contrast sensitivity test, it is hoped that more sensitivity will be achieved in detecting asthenopia in VDT users.
Third, this combination of tests is easy to perform and does not require high-tech equipment or complicated procedures as in research in other countries in order to measure asthenopia objectively.
Fourth, since the combination of tests is a new method, it is hoped that this may provide new information in solving the problem of measuring and evaluating asthenopia objectively.
Materials and Methods
This investigation was a purposive exploratory cross sectional study. As a sample population, workers from a certain governmental company in Jakarta were used. They were operating VDT and complaining of asthenopia subjectively as known from a questionnaire filled out by the workers. The symptoms of asthenopia according to the US National Research Council's Panel on the Impact of Video Viewing on Vision of Workers were classified as: 1) Visua (e.g.blurring); 2) ocular (eyes feel tired/ fatigued, hot, uncomfortable or painful); 3) referral (e.g. headache); and 4) functional (behavioural) 1) . The original samples to be studied as operators were 305 workers known as highly exposed to light since they were operating computers continuously for 2 h periodically as an operator group (high exposure group) and 268 workers as a non-operator control group who worked in the administration division and did not use computers continuously (low exposure group). After selection by using 6 criteria, i.e. filling in or not filling in the questionnaire, working for more than one year, age below 40, normal eye function (for abnormal refraction, correction has been applied), blood hemoglobin ≥11 gr % and prepared to sign informed consent, 84 workers were selected.
The sample workers were divided into two groups, 42 operators and 42 controls with equal numbers of females and males. The age of operators and controls ranged from 20 to 39 yr, not significantly different in the two groups (Tables 1 and 2 ).
The photostress test is a kinetic test that quantitatively evaluates retinal function after an abrupt change in adaptation. The test is based on the fact that the action of light is to stimulate the retina, and the premise is that when a normal retina is exposed to an intense and accurately quantitated amount of light, it will recover defined functions in a period of time that can be accurately measured 6, 7) . Pelli-Robson contrast sensitivity test is normally used to evaluate whether there is a disturbance in contrast sensitivity function. In everyday life we do not simply look at small black objects. Contrast sensitivity is a more realistic assessment of how well we see large faint objects around us. This chart is a little different from the regular eye chart. With this chart the letters are all uniformly large, and they fade out towards the bottom of the chart. The top line has high-contrast letters, black on white. The letters below them are gray and more difficult to see, very much like looking through a fog or dirty glasses. What you must do is read as many letters as you can. The letters at the bottom of the chart are difficult for everyone to read, so do not be discouraged. When the subject begins to have trouble, it may be useful to provide some strategies to help him or her make the best attempt at seeing the letters 8) . Using a VDT for long hours can cause "transient myopia" and induced contrast sensitivity disturbance 4) , so the examination photostress test with contrast sensitivity in this research was a combination of the regular photostress test and the test of contrast sensitivity with the Pelli-Robson chart, and the procedure for examining the sample was therefore modified:
Photostress test
Phorostress test with Contrast sensitivity 1. Distance 6 meters 40 inches or 1 meter 2. Exposure to one eye at a time directly to the two penlight (alternately) eyes (binocular) 3. The "chart" "Snellen chart" "Pelli-Robson chart" used 4. To measure alternately binocular "recovering time"
The procedure used in the modified photostress test examination was: first the subject should sit or stand directly in front of the chart, so that the distance from the eyes to the chart is about 1 m. Second, the subject should stand at a 1 m distance from the chart, and both eyes are then light exposed to the penlight at 2-3 cm distance for 10 sec. Immediately after the light is turned off, the patient or the subject should be asked to read the words in the triplet. "Recovery time (R.T.)" is defined as the time needed, starting from turning off the penlight until able to name 2 of the 3 letters in the faintest triplet correctly. The time is calculated in seconds (s). The data are recorded by two examiners.
D a t a a n a l y s e s : D a t a w e r e c o l l e c t e d f r o m questionnaires, results of a modified photostress test and an environmental workplace survey. The data were then analyzed by t-test or Mann-Whitney test, chi-square test or Fisher test. To prevent bias of confounding factors, the Mantel-Haenzel test was also included.
Results and Discussion
The most frequent eye and visual problems found were, eye fatigue (operators 65.3%, controls 60.5%), headache (operators 45.7%, controls 24.4%), watery eyes (operators 27.1%, controls 30.2%) and blurring of vision (operators 26.6%, controls 27.9%). The duration of work with VDT continuously causing eye or vision disturbance revealed after 2 h working: operators 44.2%, controls 51.2% (Tables 3 and 4) .
The results for recovery time after working for 1 h (R.T.1) and 2 h (R.T.2) compared to starting time (R.T.0) are shown in Figs. 1 and 2 . As shown in these two figures recovery time had decreased after 1 h and had increased again by 2 h working time. The average values for operator groups R.T.0, R.T.1, R.T.2 and control groups were found to be 26.75 s; 24.97 s; 28.79 s; 39.66 s; 30.24 s and 31.89 s, respectively, but although these values showed a tendency to increase, they did not differ significantly.
Delta recovery time (D.R.T.), calculated by subtracting R.T.1 from R.T.2 and dividing by R.T.0 expressed as a percentage (%) will explain the tendency to suffer from asthenopia. The average value for the D.R.T. controls was 8.2%, the average of the 8.0% for females and 11.8% for males; the average D.R.T. value for male operators was 17.0% and 25.5% for female operators. The average value for females and males became 19.8%. The two average values of 8.2% and 19.8% have been used as cut off points for the low exposure group and controls, whereas 19.8% was the figure for the high exposure group. Therefore, a D.R.T. value higher than 19.8% tends to indicate a sufferer from asthenopia.
By using the limit value for D.R.T., 19.8%, and relating it to risk factors that influenced the occurrence of asthenopia in workers using monitor computers, the results showed significant differences according to the type of occupation (operators and controls), sex, and blood hemoglobin: <12 g/dl for females and <14 g/dl for males. The environmental workplace was considered to be satisfactory if all factors had suitable values when compared to the limit values suggested in the literature ( Table 5) .
The average R.T.1 value for operators and controls, both female and male, decreased and then increased again after working for 2 h (Figs. 1 and 2 ). This fact indicated that there was no problem with performance after working for 1 h. This was supported by the results of the questionnaires on complaints of asthenopia by operators after working for 1 h, 11.1% and controls 15.1%, compared to after 2 h among operators, 44.2% and controles, 51.2% (Table 4) .
The average R.T.0. value for the operator group was shorter than that for the control group, and the R.T.0 value for male operators and controls was shorter than for women as well. This result is in line with the R.T. used in regular photostress tests conducted by the Ophthalmology Division of the Faculty of Medicine, the University of Indonesia, Jakarta 9) . Concerning the decrease in the average recovery time (R.T.) after working 2 h, in the control group as compared to the operator group, it was apparently due to macular fatigue. This condition is possibly one cause of visual fatigue in VDT users. The prolongation of R.T. after work in the operator group was apparently due to a process in the retina resulting from VDT light exposure. According to the report by Khan Cs. they found prolonged complementary chromatopsia in VDT users 10) . Having learnt that a D.R.T. value higher than 19.78% tends to indicate a greater risk of asthenopia in VDT worker, and knowing that D.R.T. was obtained by reducing R.T.1 from R.T.2 divided by R.T.0, it is most important to take R.T.0 into consideration. The average value of 19.78% is considered to be important because it was obtained from equal numbers of females and males in the operator group. This value was obtained after working for 2 h. It has been discovered by means of questionnaires that asthenopia occurred after working for 2 h working time, and this is in line with our findings in this study. As mentioned earlier, R.T.0. is an important factor, because it is used as a starting working time and place, and also as the denominator in the formula to obtain D.R.T. It is known that the work places of operators and controls are different, but this cannot be avoided. Besides, the work place is one of the risk factor for asthenopia.
The risk factors influencing asthenopia or eye strain are, according to the literature the operator group and sex 1-3, 11, 12) , and a D.R.T. percentage greater than 19.78% tended to indicate a greater risk of asthenopia, and it had been proved that the operator group and sex (female) resulted in a significant difference. The Mantel-Haenzel indicated a significant difference ( Table 6) . As results for an operator were influenced by sex, in this case the female sex was considered a risk factor. The reality was that female operators more easily became asthenopic, either subjectively or objectively, and needed investigation for the future.
The etiology of asthenopia is due to intrinsic factors, which are influenced by constitutional factors 5) so that overall physical condition is important. Blood hemoglobin is one of the parameters that indicate the human physical condition. Blood hemoglobin in operators and controls were found to be >11 gr % for females and >12 gr % for males, which were lower than normal values for females (>12 gr %) and males (>14 gr %) 13) . As for the D.R.T. percentage above and below 19.78%, if the blood hemoglobin figure was not good, the result was significant, whereas if blood hemoglobin was good, the result was not significant. The Mantel Haenzel stratification showed a significant difference (Table 7) , and blood hemoglobin was therefore considered to be a risk factor.
The ages of subjects i.e. operators and controls were not significantly different (p>0.05) ( Table 2) , and the correlation between % delta R.T. with risk factor among operators and controls (Table 5) gave the same result i.e. they are not significant. Studies in other countries found that older workers, particularly females often complained of significant visual disturbance 1) , and in this study we tried to find the influence of age and divided in the subjects into two groups i.e. the young age group (20-29) and the older age group (30-39). The results for the older age group found 0.10>p>0.05, to be "borderline significant" (Table 5 and 8a). After testing with the Mantel-Haenszel stratification, the result became significantly different, and we looked at the female group (Table 8b ) and the result was also "borderline significant". Then we tested with the Mantel-Haenszel stratification, and the result became significantly different, so older females more readily become asthenopic. 
